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Abstract 

A LC method was developed for the concurrent assay of R( + ) and S( - ) promethazine from human 
urine and serum. The method involves the use of solid-phase extraction for sample clean-up. Chromato- 
graphic resolution of the enantiomers was performed under isocratic conditions using a mobile phase of 
hexane 1,2-dichlorethane absolute ethanol trifluoroacetic acid (400:150:100:1, v/v/v/v) at a flow rate of 
I ml rain t on a brush-type column KK-CARNU.  The enantiomers were detected by fluorescence using an 
excitation wavelength of 250 nm and a 280 nm emission cutoff" filter. Chlorpromazine was used as the 
internal standard for urine analysis. Standard addition was used for promethazine analysis from serum. 
Drug io internal standard ratios were linear from 0.25 to 10 lag ml ~ in urine. Serum levels were linear from 
2 to 10ngml ~. 

Kevword.s: Enantiomers; LC: Promethazine; Serum: Urine 

1. Introduction 

Promethaz ine ,  10- (2-d imethylamino-2-meth-  
y le thyl )phenoth iaz ine ,  is an an t ih i s tamine  that  
has been used for the t r ea tment  o f  allergic 
s y m p t o m s  due to d rug  hypersensi t ivi ty ,  and  is 
indica ted  for use as an ad junc t  for  bo th  local 
and  general  anesthetics.  Dosage  forms are typi-  
cally tablets ,  injectables  and  supposi tor ies ,  and 
dosages  range  f rom 12.5 to 5 0 m g  every 4 
24 h. The half-life o f  p rome thaz ine  is 7 - 1 5  h in 
urine and 6 8 h in serum. Urine  and p la sma  
concen t ra t ions  for the racemic  mixture  in man 
range from 0.5 201xgml ~ to 2 2 0 n g m l  ~, 
respectively [1 -3]. 

P romethaz ine  has  been typical ly  analyzed  as 
the r acemate  in biological  fluids using l iquid/  

* ('orresponding author. 

0731-7085 95/$09.50 :~, 1995 Elsevier Science B.V. All rights 
ASI ) I  o731-7085(95)01527-2 

l iquid ex t rac t ion  fol lowed by e lec t rochem- 

ical analysis ,  U V - L C  or  f luorometr ic  analysis  

[1 6]. Some qual i ta t ive  reports  of  

p rome thaz ine  enan t iomer ic  separa t ions  by LC 

in the reverse-phasc mode  have been descr ibed 

[7,81. 
This  paper  describes a so l id-phase  ext rac t ion  

me thod  using a mixed-phase  ext rac t ion  co lumn 

a long with the resolut ion  of  R( + ) and S( -- ) 

p rome thaz ine  enan t iomers  by no rma l -phase  

c h r o m a t o g r a p h y  using the K K - C A R N U  

brush- type  LC co lumn and fluorescence detec- 

t ion.  The  analysis  t ime for both  urine and 

serum was a pp rox ima te ly  l h and the chro-  

m a t o g r a p h i c  run t ime was app rox ima te ly  

16 min. The  p rocedure  was accura te  and pre- 

cise enough to suppor t  clinical studies for both  

urine and serum samples.  

reserved 
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2. Experimental 

2.1. Apparatus 

The chromatograph consisted of a pump 
(Model 2510, Varian, Walnut Creek, CA, 
USA), equipped with a 201al injector loop 
(Model 7125, Rheodyne, Cotati, CA, USA), a 
fluorescence detector with 2 ~X= 254 nm and a 
280 nm emission filter (Model Spectroflow 980, 
Kratos, Ramsey, N J, USA), and an integrator 
(Model SP 4290, Spectra-Physics, San Jose, 
CA, USA). The column was a KK-CARNU 
(~-R-naphthyl)ethylurea, 4.6 mm i.d. × 10 cm, 
5 lain particle size, (YMC, Wilmington, NC, 
USA). 

2.2. Solvents and ehemica& 

Hexane (97%), phosphoric acid (concen- 
trated), monobasic potassium phosphate 
(reagent grade), potassium hydroxide and 1,2- 
dichloroethane F.C.C. were all obtained from 
J.T. Baker (Phillipsburg, N J, U S A ) .  Ethanol 
200 proof  was purchased from Midwest Grain 
Products Co. (Weston, MO, USA). Triethy- 
lamine HPLC grade was purchased from 
Fisher (Fairlawn, N J, USA). Promethazine and 
trifluoroacetic acid were purchased from Sigma 
(St Louis, MO, USA). The R ( + )  and S ( - )  
promethazine enantiomers used in this study 
were synthesized through crystallization using 
D and u dibenzoylated tartaric acid, and ana- 
lyzed for purity using LC and polarimetry [7]. 
The purity of  the individual promethazine 
enantiomers was determined to be > 99% (w/ 
w). Blank urine was obtained from healthy 
male volunteers. Human serum was obtained 
from Instrumentation Laboratory (Fisher Sci- 
entific, Orangeburg, NY, USA, Cat # 3160-34). 

2.3. Preparation o/ the ntobile phase 

The mobile phase was hexane 1,2-dichloro- 
ethane--ethanol-trifluoroacetic acid (400:150: 
100:1, v/v/v/v). The solution was filtered 
through a 0.45 btm nylon 66 membrane filter 
(Magna, Honeoye Fall, NY, USA) and vac- 
uum degassed for 5 min prior to use. The mo- 
bile phase was delivered at a flow rate of  
1 .0mlmin i. 

2.4. Preparation of stock solutions 

A stock solution (500 ~tgml l) of  R ( + )  

promethazine and S ( -  ) promethazine (hy- 
drochloride salts) calculated as promethazine 
base was prepared in double distilled deion- 
ized water and stored at 4°C. A chlorpro- 
mazine hydrochloride internal standard (IS) 
stock solution (1 mg ml ~) calculated as the 
free base was also prepared in double distilled 
deionized water and stored at 4 °C. Both solu- 
tions were prepared weekly. 

2.5. Preparation of,spiked human urine samples 

Accurately measured aliquots (5, 10, 20, 100 
and 200 ~tl) of the stock solution containing 
the promethazine enantiomers were added to 
individual 10ml flasks followed by the addi- 
tion of 100 lal of chlorpromazine IS solution. 
Human urine was then added to the required 
volume. The final concentrations of 
promethazine were 0.25, 0.5, 1, 5 and 10 btg ml 
per enantiomer, with an IS concentration of 
10 btg ml ~. 

2.6. Preparation oJ spiked human serum sant- 
ples 

One ml of the promethazine stock solution 
was diluted with water to give a final concen- 
tration of 100 ng ml ~ per enantiomer. From 
the 100 ngml  I solution, accurately measured 
aliquots (60, 120, 150 and 300 lab were added 
to 3ml volumetric flasks and serum was 
added to the required volume. The final con- 
centrations of promethazine were 2, 4, 5 and 
10ng ml t per enantiomer. 

2. Z Assco, ntethod 

A 3 ml certify (Varian, Harbor City, CA, 
90710, USA, Cat # 1210-2051) solid-phase ex- 
traction cartridge was conditioned with two 
cartridge volumes, each of absolute methanol 
and 0.1 M potassium phosphate monobasic 
pH 6.0. Human urine (5 ml) or serum (3 ml) 
containing promethazine was diluted with 5 ml 
of double distilled deionized water and 1 ml of 
phosphate buffer and vortexed for 1 min. The 
sample containing IS was applied to the SPE 
cartridge at a vacuum of 2 3 in. Hg. The tubes 
containing the diluted samples were washed 
with 1 ml of phosphate buffer and applied to 
the sorbent before the SPE cartridge was al- 
lowed to dry. After the sample was completely 
applied, the SPE cartridge was allowed to dry 
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under full vacuum for 3 5 min. The SPE car- 
tridge was then washed with 3 x 500 lal of 1% 
conc, HCI in methanol (v/v) and 2 × 500 gl of  
1 M aqueous acetic acid. After each wash ap- 
plication, the cartridge was allowed to dry. The 
analytes were eluted from the cartridge with 
6 x 1 ml of 2% ammonium hydroxide in abso- 
lute ethanol into 1.5 × 10 mm tubes. 

The cluent was evaporated to dryness using 
a nflrogen stream with the tubes partially sub- 
merged in ambient (23 +_ 2 °C) water. For urine 
samples, the residue was reconstituted with 
1 ml of mobile phase and vortexed for 3 rain. 
For serum samples, the residue was reconsti- 
tnted with 3001-il of  a solution containing 
5 m g m l  i each of R ( + )  and S( ) 
promethazine prepared in the mobile phase 
and xortexed for 3 rain. (Note: Some SPE car- 
tridge sorbent material remained on the test 
tube wall and did not reconstitute in the mobile 
phase. ) 

2. 8. ('ah'ukui<.rv 

l~"#'i#1C 
The peak heights of each promethazine 

enantiomer and the IS were recorded for each 
sample. Five concentrations in the range 0.25 
I(Iblg ml ~ of the enantiomers were used to 
conslruct the calibration curves. Linear regres- 
sion analysis of  the ratio of  drug to internal 
standard peak-height (D/IS) versus 
promethazme enantiomer concentration in 
urine was performed. The concentration of 
each promethazine enantiomer in a given urine 
sample was calculated form the equation: D '  
lS = (slope)(promethazine conc . )+  intercept. 

S('/'IIHI 

The peak areas of  each promethazine enan- 
tiomer were recorded for each sample. Four 
concentrations in the range of 2 10ngm l  t 
were used to construct the calibration curve for 
each enantiomer. Subtraction of each response 
fiom the standard addition amount  was per- 
flwmed prior to linear regression analysis. Lin- 
ear regression analysis of  R ( + )  and S( ) 
promethazine was performed on adjusted peak 
areas versus promethazine enantiomer concen- 
trations in serum. The concentration of each 
promethazine enantiomer in a given serum 
sample was calculated from the equation: peak 
area of  D = (slope)(promethazine cone.) + in- 
tercept. 

3. Results  and discussion 

The chemical structures of  promethazinc and 
chlorpromazine (IS) are shown in Fig. 1. Pre~i- 
ous work in this laboratory developing enan- 
tiomeric separations on various types of chiral 
stationary phases and mobile phases shmvcd 
that promethazine enantiomers were easily sep- 
arated using the brush-type stationary phase 
found in the K K - C A R N U  column and a mo- 
bile phase ot" hexane 1,2-dichlorethane abso- 
lute ethanol trifluoroacetic acid (401kl5t1: 
100:1, x v,x,v) [9]. The stationary phase is an 
experimental phase being developed for market 
by the YMC Corporation. It is a naphthylurca- 
type phase which utilizes the ~ r~, It-bonding, 
steric hindrance and dipole interactions be- 
tween promethazine and the slationar> phase 
in order to separate the R( +-! and .S'( ) 
enantiomers. This type of stationary phase is 
usually run in the normal-phase mode. Various 
solvents typically have different effects upon 
the chromatography.  It was shown that 1,2- 
dichloroethane could be replaced with 
dichloromethane, but the absolute ethanol 
could not be replaced without significantly al- 
tering the chromalographic results. ( 'h romalo-  
graphic system suitability was based on the 
retention times, separation and capacity for the 
enantiomers and IS. Typical chromatograms 
for blank and spiked human urine containing 
R ( + l  and S( ! promethazme and IS are 
shown m Figs. 21A) and 2(Bt. Typical chro- 
matograms ibr blank and spiked serum con- 
taining R(~- )  and S( ) promethazine are 
shown m Figs. 3(C) and 3(D). These data 
indicated that the method was suitable for the 
analysis of promethazine enantiomers in hu- 
man urine and serum. The order of elution lk>r 
the enantiomers was determined to bc Rt + ) 
then S( - ) promethazine. 

The recovery of R( + ) and 5'( ) 
promethazine from urine and serum was stud- 
ied using C18, (78, C2, cyclohexyl, phenyl, diol, 
cyanopropyl and Certil~ SPE bonded phases. 
Recoveries I\)r both enantiomers from either 

CIH 
I 

([IIz(~IIN(CI102 (n'll/( "II~( "112NICII 3 }z 

|)rOllleihIlZille Chlorpromazine 

Fig. 1. Chenfical structures of promethazme and chlorpro- 
mazinc {ISL 
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Fig. 2. Typical HPLC chromatograms of (A) blank human 
urine and (B} human urine with added R ( + )  
promethazine (12.40 min), S( - ) promethazine (13.28 rain) 
and chlorpromazine IS (19.13 rain). 

biological fluid were similar and were highly 
dependent on the eluting solvent. Recoveries 
ranged from approximately 28% using a 1 cm ~ 
cyanopropyl cartridge to approximately 65% 
with a 1 cm 3 cyclohexyl cartridge. The 3 cm ~ 
cyanopropyl  and 3 cm 3 cyclohexyl cartridges 
did not afford significantly higher recoveries 
for either enantiomer. Optimal recoveries were 
achieved on the 3 cm 3 Certify, which was spe- 
cially designed for the extraction of trace ana- 
lytes from urine by using a mixed bed of cation 
exchange, polar and non-polar sorbent materi- 
als. It was determined that the Certify car- 
tridges worked well for both urine and serum 
samples in this study. However, these car- 
tridges were sensitive to the conditioning envi- 
ronment used for sample preparation. 
Conditioning the Certify cartridge with water 
rather than phosphate buffer reduced the re- 
coveries of  both enantiomers by 33%. Elution 
of promethazine and chlorpromazine was also 
reduced by 33-90% when eluting with any 
other solvent besides an ammonia -e thano l  
mix. The ammonia  was essential to the extrac- 
tion as it was basic enough to increase the pH 
of the eluent to more than two units above the 
pK, of  the aliphatic amine (9.6) in the side 
chain, and was volatile enough to evaporate off 

under flowing nitrogen gas. Other solvents 
mixed with ammonia  as potential eluents were 
acetone, methanol, propanol,  acetonitrile, ethyl 
acetate and chloroform. Other potential inter- 
nal standards investigated for this method were 
promazine, acepromazine and trifluoperazine; 
however, recoveries ranged from 63 t~ 67% 
with the ammonia  ethanol mix. 

The absolute recoveries for R( + ) and S( - ) 
promethazine from the biological fluids were 
93.2%_+ 1.31 (n = 8) and 96.5% ± 3.19 (n = 8) 
from urine, and 93.1%_+2.15 ( n = 8 )  from 
serum, respectively. The absolute recovery of 
chlorpromazine was 79.1°/,, _+ 2.87 (n = 8) from 
urine and 78.5% _+ 3.51 (n = 8) from serum. No 
interferences were observed in the blank hu- 
man urine or serum at the retention times of 
R ( + )  and S ( -  ) promethazine and chlorpro- 
mazine. Minimum detectable limits for each 
enantiomer in urine were 0.4 lag ml (S/N = 3). 

The standard addition method was used to 
determine the amounts of  R ( + )  and S( ) 
promethazine enantiomers in serum. The serum 
levels of  both enantiomers were found to be 
below the detectable level of the assay reported 
above for urine levels. It was determined that 
adding 300 ~tl of a 5 mg ml ' solution of each 
promethazine enantiomer to calibration stan- 
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Fig. 3. Typical HPLC chromatograms of (C) blank serum 
and (D) serum with added R ( + )  promethazine 
(ll.17min), and S( ) promethazine (13.20rain). 
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Table I 
Anal?sis of spiked promethazine enantiomers in human urine and serum 

1165 

Biological lluid Analyte Conc. Error C,,) 

( rinc ' 

~ e r t l n l  h 

Added Found 

R( ~ ) 3.00 2.92 + <).18 2.7 6.3 
8.00 8.58 + 0.06 7.2 5.7 

5,( ) 3.00 2.74 _+ <1.01 s.7 ~.6 
8.00 7.84 + 0.22 2.o 4.8 

R( + ) 3.33 3.33 + 0.10 0.0 ~.l) 
7.50 7.80 + 0.11 4.0 1.4 

.'~( ) 3.33 3.34 + 0.03 0.~ t!.9 
7.50 7.88 + 0.26 1.2 2.(, 

~' ('onccntrations in lag ml I 

b Conccmrat ions  m n g  ml 

RSD (,,,) 

da rds  and  ana ly t i ca l  samples  a f te r  e x t r a c t i o n  

and  e w t p o r a t i o n  a l l owed  the  de t ec t i on  o f  smal l  

dif l 'erences in peak  a reas  a f te r  s u b t r a c t i n g  the 

r e sponse  due  to the  a d d e d  a m o u n t  o f  

p r o m e t h a z i n e .  T h e  peak  a rea  r e sponse  for  each  

c a l i b r a t i o n  was ad jus t ed  by s u b t r a c t i n g  the 

peak  a rea  r e sponse  f rom the  s t a n d a r d  a d d i t i o n  

r e sponse  f o u n d  at the  y - i n t e r cep t .  L i n e a r  re- 

g ress ion  analys is  o f  ad ju s t ed  peak  a rea  versus  

p r o m e t h a z i n e  c o n c e n t r a t i o n  in the  ca l i b r a t i on  

s t a n d a r d s  was  p e r f o r m e d .  

L inea r  regress ion  analys is  o f  R ( + )  and  

S( ) p r o m e t h a z i n e  versus  IS f r o m  ur ine  gave  

;':~ va lues  o f  0.9993 and  0.9999, respec t ive ly  

(;; = ~3). l , i nea r  regress ion  fo r  the  e n a n t i o m e r s  

in se rum gave  r 2 va lues  o f  0.9989 and  0.9872, 

respec t ive ly  (n = 6). T h e  a c c u r a c y  and  prec i s ion  

o f  b o t h  m e t h o d s  were  d e t e r m i n e d  us ing sp iked  

samples  o f  the e n a n t i o m e r s  in ur ine  and  serum.  

T h e  resul ts  s h o w n  in T a b l e  1 ind ica te  tha t  the  

m e t h o d  has  an  accu racy  in the  r ange  o f  2 9% 

in ur ine  and  a p rec i s ion  in the  r ange  o f  3.6 

6.3'!L T h e  accu racy  and  prec i s ion  d a t a  in 

se rum were in the  r ange  0 4% and  l 3%, 

respect ive ly .  T h e  s tabi l i ty  o f  the  samples  in the  

m o b i l e  phase  was  m o n i t o r e d  for  24 h. N o  sig- 

n i l icant  loss o f  d e t e c t o r  r e sponse  was  o b s e r v e d  

tbr  e i ther  p r o m e t h a z i n e  e n a n t i o m e r  o r  in te rna l  

s t anda rd .  

4.  C o n c l u s i o n s  

Liqu id  c h r o m a t o g r a p h i c  m e t h o d s  have  been  

d e v e l o p e d  for  R( + ) and  S ( -  ) p r o m e t h a z i n e  

e n a n t i o m e r s  in u r ine  and  serum.  T h e  m e t h o d s  

shou ld  be su i tab le  tbr  the  d e t e r m i n a t i o n  o f  

p r o m e t h a z i n e  e n a n t i o m e r s  in e i the r  f luid at 

r e p o r t e d  c o n c e n t r a t i o n  levels, and  shou ld  be 

app l i cab l e  to cl inical  studies.  
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